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Purpose: The aim of this study was to use high-resolution Micro-
Computed Tomography (mCT) and an iodinated contrast to evaluate the
simultaneous phenotypic changes in the articular cartilage (AC), sub-
chondral bone (SCB), and trabecular bone (TB) in a mouse model of
osteoarthritis (OA). Imaging modalities often only provide high-resolu-
tion information about one type of tissue, thus limiting the radiologic
evaluation of complex inter-tissue interactions involved in OA. This study
uses bone morphometry in order to identify SCB osteosclerosis (OS), TB
OS, and the mineralization of the AC. We hypothesize that the contrast
agent presents a viable means of identifying the loss of articular cartilage
using mCT. Further, we hypothesize that mCT can be used to detect
signiﬁcant osteosclerotic changes during OA, such as increases in bone
density, hydroxyapatite (HA)density, cartilagemineralization, osteophyte
formation, and trabecular thickness.
Methods: 10-week (W) old male C57BL/6 mice underwent destabili-
zation of the medial meniscus (DMM) or sham operation survival
surgery to induce OA. 12W and 20W after surgery, mice were eutha-
nized and carefully dissected to isolate the tibiae. Tibiae were ﬁxed for
48 hours in 4% PFA, rinsed in PBS, and immersed for 24 hours in the
Cysto Conray II (CC2, Covidien) contrast agent. Samples were then
rinsed in PBS and mCT-scanned (SCANCO mCT40, 55 kVp, 145 mA, 8W,
Voxel 6 mm). Bone morphometry (SCANCO software) was performed in
three regions of interest: the AC, the SCB, and TB of the medial condyle
(Fig. 1). Bone volume, HA density, and trabecular thickness were used to
describe the OS typical of end-stage OA. Coronal sectioning allowed for
osteophyte identiﬁcation.
Results: Our data indicate OS was evident in all three regions of interest
in DMM compared to SHAM samples (Fig. 2). In the SCB, OS was evident
at 12W in DMM compared to SHAM by means of bone volume per total
volume (Fig. 2). An increase in HA per total volume and per unit bone
volume was also observed in the SCB, indicating that this OS was
dominated by mineralization. These differences became more
pronounced 20W. The AC was effectively visualized using CC2, as seen
in SHAM samples (Fig. 1b, 2c), but was completely mineralized by 12W
DMM. In the TB, there was an increase in trabecular thickness in the
medial tibial plateau 20W after surgery. Further, osteophyte formation
(Fig. 2i) was visible 20W after surgery.
Conclusions: These results suggest the feasibility of using mCT/CC2 to
identify the loss and subsequent mineralization of articular cartilage as
well as OS within the subchondral and trabecular bone. The increase of
HA density in the subchondral bone in this model of OA indicates that
this region not only undergoes OS, but also a change in composition.
These results provide interesting insight the nature of the SCB, which is
currently being reported as a critical structure in OA progression.
Fig. 1. Regions of Interest relevant to osseous phenotypes in a surgical model of
osteoarthritis. Coronal section of the tibia (a) highlights medial tibial plateau (red), the
condyle most affected by DMM surgery. In this whole region (b), the properties of thetrabeculae were analyzed. The articular cartilage (b, blue) and subchondral bone (b,
green) regions of interest are distinguishable after immersion with the Cysto Conray II
contrast agent. In (c,d), three-dimensional reconstructions ofthe regions of interest are
shown, with the articular cartilage and subchondral bone location shown within the
medial tibial plateau (c, blue). M ¼ medial, L ¼ lateral, A¼ anterior, P ¼ posterior.
Fig. 2. Transverse (a, d, g) and coronal (rest) mCT sections of 12W SHAM (a-c), 12W
DMM (d-f), and 20W DMM (g-i) tibiae. Marked sclerosis (yellow arrows) is evident in
DMM legs at 12W and 2GW after surgery. Quantitative bone morphometry (j) was
performed in the medial tibial plateau (MTP. red boxes), the subchondral bone (green
as in c), and the AC (blue, showing CC2, as in c) The AC had become completely
mineralized by 12W(f, i). DMM mice had more bone volume (BV) overall, more HA/BV
in the subchondral bone; and thicker trabecule (Tb. Th.) in the MTP, all indicative of OA
(j). 20W DMM showed osteophytes (orange arrows).
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BACH1 DEFICIENT MICE REDUCE SEVERITY OF AGE-RELATED
OSTEOARTHRITIS
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Purpose: Osteoarthritis (OA) is a highly prevalent disease that is known
as a complex andmultifaceted disease. It had been reported that various
factors, such as aging, oxidative stress, pro-inﬂammatory cytokines, are
involved in OA pathogenesis. Heme oxygenase-1 (HO-1) is the enzyme
of heme catabolism that has a variety of physiological activities
collectively referred to as cytoprotection, such as anti-oxidant and anti-
inﬂammatory effects, and plays an important role in maintenance of
homeostasis. Previous studies elucidate that expression of HO-1 has
beneﬁcial effects on diseases such as Rheumatoid arthritis (RA),
however the molecular mechanisms of HO-1 in OA development
remain unclear. Bach1 is a transcriptional repressor of HO-1 gene
(HMOX-1), thus Bach1-/- mice is upregulated HO-1 in various tissues.
The objective of this study was to deﬁne the function of HO-1 in
cartilage homeostasis involved in OA progression using Bach1-/- mice.
Methods: To examine the pathological change of knee joints in Bach-
1-/- mice, 22-month-old Bach-1-/- mice (n¼12, 24 knees) were utilized
and same age of C57BL/6J wild-type mice (n¼8, 16 knees) were used as
control. Knee joints were harvested and evaluated by Safranin O
staining using a validated histological scoring system. Expression of HO-
1 genes, cartilage related genes, apoptosis, and homeostasis in cartilage
were analysed by real time PCR and immunohistochemistry.
Results: Bach1-/- mice inhibited the development of an age-related OA-
like pathology comparedwith thewild-typemice, while wild-typemice
showed more severe proteoglycan loss, a roughened articular surface,
and ﬁbrillation. Although among of wild-type mice exhibited severe
structural cartilage defects, these changes were not observed in age-
matched Bach1-/- mice. Histological scores indicated that Bach1-/- mice
